Many cerebellar neurons fire spontaneously, generating 10-100 action potentials per second even without synaptic input. This high basal activity correlates with information-coding mechanisms that differ from those of cells that are quiescent until excited synaptically. For example, in the deep cerebellar nuclei, Hebbian patterns of coincident synaptic excitation and postsynaptic firing fail to induce long-term increases in the strength of excitatory inputs. Instead, excitatory synaptic currents are potentiated by combinations of inhibition and excitation that resemble the activity of Purkinje and mossy fiber afferents that is predicted to occur during cerebellar associative learning tasks. Such results indicate that circuits with intrinsically active neurons have rules for information transfer and storage that distinguish them from other brain regions.
Introduction
Neurons and synapses throughout the vertebrate brain share many common properties, which have given rise to the useful generalizations taught in introductory neuroscience courses: neurons rest near À65 mV; voltage-gated Na + channels inactivate after opening; depletion of a presynaptic neurotransmitter produces synaptic depression; and long-term potentiation (LTP) results from coincident presynaptic glutamate release and postsynaptic depolarization. Current research, however, is revealing the diversity of electrical and chemical signaling mechanisms employed by neurons in different brain regions. One such area is the cerebellum, particularly regarding signaling from Purkinje neurons to their target neurons in the medial, interpositus and lateral cerebellar nuclei. Purkinje neurons, located in the cerebellar cortex, are among the most studied cells in the vertebrate brain. By contrast, despite being the oblique referent of the frequently quoted statements that Purkinje neurons 'are the sole output of the cerebellar cortex' and 'exert a powerful inhibitory control on their targets', cerebellar nuclear neurons have been the focus of far fewer studies, and exploration of their properties at the cellular level is only beginning to become widespread. Recent work has demonstrated that these neurons and the synapses onto them provide an exception to all the generalizations just mentioned. These deviations from the norm are interesting, not only because they demand that we re-examine the bases for common assumptions but also because they reveal mechanisms underlying specific, well-characterized forms of cerebellar learning.
Spontaneous firing in cerebellar neurons
Neither Purkinje neurons nor cerebellar nuclear cells have a true resting potential. Instead, both cell types are active in the basal state, firing tens of action potentials per second in vivo when animals are not engaged in cerebellar behaviors [1, 2] . This activity is intrinsically generated: the neurons continue to fire spontaneously in vitro even in the absence of synaptic input [3] [4] [5] [6] [7] [8] [9] . This high level of basal activity keeps the firing rates of the neurons in the middle of their dynamic range because these rates can be increased by synaptic excitation and decreased by synaptic inhibition. The conservation of spontaneous firing in cerebellar neurons across vertebrate species, from turtles to primates [2, 3, 7, 10, 11] , indicates that this feature has an adaptive role in cerebellar regulation of coordinated movements. Moreover, because Purkinje neurons release gaminobutyric acid (GABA), the cerebellum is unusual in that its principal neurons are intrinsically active cells that communicate by inhibition, in contrast to the cerebral cortex and hippocampus, in which generally silent principal cells communicate by excitation.
Spontaneous firing in Purkinje cells (studied in mice and rats) arises from specialized ionic currents including voltage-gated Na + currents with a 'resurgent' component and high-voltage-activated K + currents [6, 11, 12] . During the upstroke of an action potential, Purkinje Na + channels open with depolarization but are rapidly blocked by an endogenous protein. The blocking protein occludes current flow but protects channels from fast inactivation. On the downstroke of the action potential, the blocker is expelled from Na + channels, which pass current briefly before closing. The process of voltage-dependent block and unblock during a spike thereby largely bypasses fast inactivation, increases Na + channel availability and shortens the absolute refractory period of the cell. Meanwhile, the very large K + currents, which flow primarily through K V 3 channels [13] , provide a strong, rapid repolarization. These K + currents deactivate rapidly after each spike, however, quickly restoring a high input resistance. The small Na + currents that remain active at interspike potentials can therefore depolarize the cell and initiate another action potential [11, 13] . The interaction among these intrinsic
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